The extraction of genomic DNA from microbial cells plays a significant role in PCR-based applications such as molecular diagnosis, microbial taxonomy, screening of genetically engineered microorganisms, and other such PCRbased applications. Currently, many methods for extraction of genomic DNA from microorganisms have been developed. However, these methods either require hazardous chemicals or consist of time-consuming steps for effective execution. In this study, we have established a simple and universal genomic DNA extraction method for different microorganisms including bacteria, yeasts, molds, and microalgae. Our method does not require harmful reagents such as phenol and chloroform for the extraction process to minimize the generation of hazardous wastes. The obtained genomic DNA products displayed high concentrations and represented a good purity level with the average 260 nm/280 nm absorbance ratios (A 260/280 ) that range from 1.6 to 2.0. The DNA molecules further remained considerably intact when analyzed on agarose gels. More importantly, these DNA products were qualified through successful PCR amplifications of 16S rRNA gene, rDNA internal transcribed spacer (ITS), or 18S rRNA gene from genomes of bacteria, fungi, and microalgae respectively. Furthermore, with the extracted genomic DNA products, the processes of the identification of the haploid and diploid states of the Saccharomyces yeast strains or detection of putative strains of Aspergillus oryzae and Aspergillus flavus that have been isolated from infected food materials through PCR analyses are facilitated. The genomic DNA extraction method established in this study is easy to manage, time saving and costeffective, and environmentally friendly.
Introduction
Across natural processes, microorganisms play important roles in nutritional cycles that are involved in the maintenance of the balance in ecological systems. In the context of applied microbiology, numerous microbial species are utilized for the production of foods, beverages, drugs, biofertilizers, or for the applications of environmental pollution treatment [1, 2] . The accurate identification of these microorganisms for specific purposes is usually performed on the basis of barcode ribosomal DNA sequences that include bacterial 16S rRNA, fungal ITS (internal transcribed spacer) region, and microalgal 18S rRNA [3] [4] [5] [6] . Furthermore, the selected useful microorganisms can be subjected to further genetic improvement to enhance beneficial traits [1, 2, 7] . Consequently, the development of efficient genomic DNA extraction methods with respect to different microbial species is always considered a central step in PCR-based molecular biology applications that include molecular taxonomy, molecular diagnosis, recombinant DNA cloning studies, etc. These DNA extraction methods were developed according to either chemical reagents or commercial kits [8] [9] [10] [11] [12] . However, commercial kits employed for microbial genomic DNA extraction are expensive for large-scale screening experiments in laboratories, while conventional genomic DNA extraction methods are usually developed for a specific microbial group or require hazardous reagents such as phenol and chloroform for the cleanup step [8] . In this study, we have successfully established a simple and universal method for the rapid extraction of genomic DNA from different microbial species including bacteria, yeasts, molds, and microalgae. The extracted genomic DNA samples displayed superior quality and were determined as suitable for specific PCRbased applications. Aspergillus oryzae RIB40 The laboratory strain used for the research of food production Our collection
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Microbial strains and cultivation conditions
Aspergillus flavus NRRL3357
The laboratory strain used for the research of mycotoxin biosynthesis Our collection
Aspergillus niger N402
The laboratory strain used for the research of production of enzymes and organic acids Our collection
Penicillium chrysogenum
VTCC-F1172
A fungal strain used for the research of penicillin production VTCC, Vietnam Two microalgal strains Chlorella sp. PT01 and PT02 were cultivated in 100 ml conical flasks that contained 50 ml BBM (Bold's Base medium) [13] . The flasks were incubated at room temperature under white light of 2,000 lux intensity, subjected to a lighting cycle of 12 h/12 h (light/dark).
Preparation of the extraction buffer
This genomic DNA extraction protocol requires only a unique extraction buffer referred to as the GX buffer (2.5% SDS, 200 mM TrisHCl, 250 mM NaCl, 25 mM EDTA, 0.2% β-mercaptoethanol). The buffer composition was adapted from certain published reports [8, 10, [14] [15] [16] [17] . It is observed that the stock solutions, including 1 M Tris-HCl (pH 8.0), 0.25 M EDTA (pH 8.0), 2.5 M NaCl, can be autoclaved and stored at room temperature for subsequent use. Further, SDS (sodium dodecyl sulfate) should be added to the buffer after the other components. This buffer provided better results for genomic DNA extraction when freshly prepared. Alternatively, the ready extraction buffer can also be stored in the dark at room temperature for 2-3 weeks, and it requires to be heated at 60°C for 10 min before its application.
Genomic DNA extraction
The genomic DNA extraction method was adapted from some previously published protocols for fungi [7, 10, 14] with suitable modifications for each microorganism employed in this study.
For bacterial cells, the following procedure was performed: 2 ml of each bacterial culture with the OD 600 values of 1.5-2.0 was centrifuged at 12,000 rpm for 1 min to harvest the cells. The cell pellet was resuspended in 70 µl TE buffer [10 mM Tris-HCl (pH 8), 1 mM EDTA (pH 8)] and the tube was strongly vortexed for 15 s. Subsequently, 30 µl of lysozyme (10 mg/ml) was added to the tube. The resultant mixture was incubated at room temperature for 10 min. In the subsequent step, 600 μl of GX buffer and 3 µl proteinase K (20 mg/ml) were added to the tube. The tube was gently vortexed for 15 s and incubated at 60ºC for 30 min. To achieve neutralization, 300 μl of a 3 M sodium acetate solution (pH 5.2) was added to the tube. The supernatant phase (600-700 μl) obtained from a For yeasts and microalgae, the following processes were performed: Yeast cells were collected from 2 ml of each culture obtained through a centrifugation at 4,000 rpm for 5 min, while microalgal cells were harvested at 8,000 rpm for 15 min. To break the cells, 600 µl of GX buffer and 150 mg of 0.1 mm diameter glass beads (Carl Roth, Germany) were added to the tube. The tube was strongly vortexed for 30 s and subsequently added with 3 µl of proteinase K (20 mg/ml). Subsequently, the tube was incubated at a temperature of 60°C for 30 min. The remaining steps of the extraction procedure were performed as those described above for the extraction of genomic DNA from bacteria.
For molds: 1 ml of each fungal spore suspension (10 6 spores/ml) was added to a 250 ml conical flask containing 100 ml of potato dextrose broth or Czapek-Dox liquid. The flask was subjected to a shaking incubator at 200 rpm, at a temperature of 30°C for 3 days. Fungal mycelium was collected by filtration through Miracloth (Calbiochem, Germany), and 200 mg of the obtained biomass was distributed to a 2 ml microcentrifuge tube. The fungal biomass was crushed directly in the tube for 1 min using a clean glass rod. Subsequently, 600 μl of GX buffer and 3 µl of proteinase K (20 mg/ml) were added to the tube. The tube was vortexed for 15 s and incubated at 60ºC for 30 min. The next steps of the extraction procedure were performed as described above for the extraction of genomic DNA from bacteria.
Analysis of the extracted genomic DNA products
The genomic DNA products were analyzed on 0.7% agarose gels through electrophoresis and the DNA concentrations were measured with a NanoDrop spectrophotometer (Thermo Scientific, USA) for the 260/280 nm absorbance ratios (A 260/280 ).
Verification of genomic DNA quality by PCR
All genomic DNA products were diluted to the concentration of 100 ng/ µl as DNA template for PCR. Taq DNA polymerase as GoTaq ® Green MasterMix (Promega, USA) was utilized for all PCR amplifications in accordance to the manufacturer's instruction. The universal primer pairs including 16SfD1/16SrP1 [4] , ITS1/ITS4 [6] , and 18S1/18S12 [5] (Table 2) were employed for specific amplifications of bacterial 16S rRNA gene, fungal rDNA ITS, and microalgal 18S rRNA gene, respectively. The thermal cycling parameters were determined as follows: 94°C (6 min); 30 cycles of 94°C (30 s), 58°C (30 s), 72°C (40 s to 1.5 min); 72°C (10 min); 4°C (∞). The obtained PCR products were analyzed on 0.7% agarose gels and visualized under UV light of the Gel Doc XR System (Bio-Rad, USA). 
Determination of haploid and
. Each yeast strain was examined separately for the genes MATa and MATα. Thereafter, the obtained PCR products were mixed together for a comparative analysis on a 0.7% agarose gel.
Detection of A. oryzae and A. flavus strains by singleplex and multiplex PCR:
The genomic DNA samples extracted from the fungal isolates including A. oryzae RIB40, A. flavus NRRL3357, and Aspergillus sp. (A1, A2, A3, A4, A5) were employed for singleplex PCR using five different primers in pairs that include ITS1/ITS4, AO-ITS-uni-F/ ITS4, and AFB-F/AFB-R ( Table 2 ). The universal primer pair ITS1/ITS4 is widely employed the amplification of the ITS region of rDNA in fungi [6] , whereas the primer pair AO-ITS-uni-F/ITS4 was designed for specific amplification of the rDNA ITS in A. flavus and A. oryzae [19] . The primer pair AFB-F/AFB-R was designed to amplify the specific sequence located between aflR and aflJ of the aflatoxin biosynthesis gene cluster in A. flavus [19] . For multiplex PCR, five primers were applied simultaneously in a single reaction with the thermal cycling parameters as follows: 94°C (6 min); 30 cycles of 94°C (30 s), 60°C (30 s), 72°C (1.5 min); 72°C (10 min); 4°C (∞). Two standard strains A. oryzae RIB40 and A. flavus NRRL3357 were employed as the reference controls. The obtained PCR products were analyzed on 1.2% agarose gels.
Results and discussions
Establishment of a universal genomic DNA extraction method for different microorganisms
In this study, a unique procedure has been established for the extraction of genomic DNA from several microbial species including bacteria, yeasts, molds, and microalgae. Only the first step of the microbial biomass treatment is specific for each cell type. For lysis of bacterial cells, lysozyme was utilized to break down the peptidoglycan layer of the bacterial cell wall. Since this enzyme works more effectively in the presence of EDTA [20, 21] , the bacterial cells in our procedure were treated with lysozyme in the TE (Tris-EDTA) buffer. The cells of yeasts and microalgae were broken mechanically in the extraction buffer (GX buffer) with glass beads, while the mycelia of the molds were crushed by hand with a glass rod. The overview of the genomic DNA extraction procedure is illustrated in Fig. 1 .
The results revealed that the established method worked effectively for both Gram-positive and Gramnegative bacteria, including Escherichia coli, Agrobacterium tumefaciens, Burkholderia vietnamiensis, Lactobacillus fermentum, and Bacillus subtilis ( Fig. 2A) . To test the efficacy of this method for yeasts, five different yeast species including Saccharomyces cerevisiae, Candida albicans, Candida glabrata, Pichia anomala and Hanseniaspora thailandica were employed. Since the yeast cell wall is easily disrupted with glass beads through the process of vortexing [22] , we added glass beads with a diameter of 0.1 mm and GX buffer to a 2 ml microcentrifuge tube containing the yeast biomass, and subsequently, the tube was vortexed strongly to break the cells. Following the subsequent steps for the genomic DNA extraction (Fig. 1) , the results indicated that the genomic DNA products extracted from the yeasts as well as from (Figs. 2A, 2B) . Particularly, these DNA products exhibited high concentrations that ranged from 753 to 6,059 ng/μl and superior purity with the A 260/280 values ranging from 1.81 to 2.02 (Table 3) . When the same procedure as that for yeasts was applied to the microalgal strains including Chlorella sp. PT01 and PT02, the results revealed that this method also worked suitably for these green microalgae (Fig. 2C) . In comparison to the bacteria and yeasts, the genomic DNA products extracted from the microalgae exhibited lower concentrations (99-177 ng/μl) with the A 260/280 values ranging from 1.57 to 1.87 (Table 3) . More importantly, all the extracted genomic DNA products could be employed productively as the DNA template for PCR amplifications of the bacterial 16S rRNA gene, the yeast rDNA ITS sequence or microalgal 18S rRNA gene using the respective primer pair (Fig. 2, Table 2 ).
For genomic DNA extraction from molds, we crushed fungal biomass directly in a 2 ml microcentrifuge tube with a glass rod (Fig. 1) . Five mold species including Aspergillus oryzae, Aspergillus flavus, Aspergillus niger, Penicillium chrysogenum and Magnaporthe oryzae (Fig. 3A, Table 1 ) were utilized to test this procedure. The obtained genomic DNA products were superior in quality with the A 260/280 values ranging from 1.86 to 1.96 and high DNA concentrations of 1,466-6,528 ng/µl (Fig. 3B, Table 3 ). It is worth mentioning that the crushing of fungal cells in the tubes with a clean glass rod facilitates the prevention of cross-contamination among fungal samples and reduces the cost when compared to the grinding of the fungal biomass in liquid nitrogen using a mortar and a pestle. The obtained fungal genomic DNA products were evaluated for quality by PCR. The universal primer pair ITS1/ITS4 (Table 2 ) was utilized for amplification of the ITS region of fungal rDNA. The results indicated that the ITS region was successfully amplified from the genomes of all five fungal species (Fig. 3C) .
Although the genomic DNA extraction method established in this study works well for numerous microbial species, it does not always work suitably for all microorganisms. In fact, we tested this method for the Gram-positive pathogenic bacterium Staphylococcus aureus, but no DNA bands appeared on the agarose gel (data not shown). The reason behind this is that the cell wall of S. aureus is highly resistant to the digestion of lysozyme [23] . Additionally, we tested this method for some other fungal species. It also worked rather well for the citrus postharvest pathogen Penicillium digitatum, the antagonistic fungus Trichoderma asperellum, and the opportunistic human pathogenic fungus Aspergillus fumigatus. However, this method did not prove to work efficiently for the extraction of genomic DNA from the model filamentous fungus Aspergillus nidulans, the plant pathogen Curvularia lunata, and Table 3 . The concentration and purity of the extracted genomic DNA products.
the medicinal mushroom Cordyceps militaris, although the obtained DNA products were still functional for successful PCR amplifications (data not shown). Therefore, this method requires to be improved for certain specific microorganisms.
Simple identification of haploid and diploid states in Saccharomyces yeast strains by PCR
The baker's yeast S. cerevisiae can exist as diploid strains that possess MATa and MATα mating-type genes or haploid strains that carry only MATa or MATα gene [24] . The probiotic yeast S. boulardii is employed commonly for the treatment of antibiotic-associated diarrhea caused by Clostridium difficile infection in human. This probiotic yeast and S. cerevisiae share almost identical genomes [25] . In this study, we demonstrated that the ploidy states of three S. boulardii strains that were isolated from the commercial probiotic yeast products (Table 1) could be rapidly identified through PCR amplifications. Three standard S. cerevisiae strains, including BY4741 (haploid, MATa), BY4742 (haploid, MATα) and BY4743 (diploid, MATa/MATα), were adopted as controls and three S. boulardii isolates named NOM, PE, BIO were cultivated in the YPG liquid medium for genomic DNA extraction adhering to the above established method. The genomic DNA products extracted from all six yeast strains displayed high quality as indicated on an agarose gel (Fig. 4A) . The extracted DNA products were utilized as the template for PCR with the specific primer pairs (Table 2) ; and further, the obtained data indicated that the haploid strains BY4741 and BY4742 possess either MATa (544 bp) or MATα (404 bp) gene respectively. Conversely, the diploid strain BY4743 carries both MATa and MATα genes (Fig. 4B) . These results are consistent with the results previously reported [26] . Interestingly, all three probiotic strains (NOM, PE, BIO) of S. boulardii exist as diploids that carry both the mating-type genes MATa (544 bp) or MATα (404 bp) like the diploid strain BY4743 of S. cerevisiae (Fig. 4B) .
Quick detection of Aspergillus oryzae and Aspergillus flavus strains by PCR
A. oryzae and A. flavus play significant roles in the food industry and food safety. A. oryzae has been commonly employed for the industrial production of soy sauce, miso, sake, soybean sauce paste in Asian countries, while A. flavus produces the carcinogenic aflatoxins. Since these fungal species are extremely closely related to each other and share similar morphology and genome homology amounting to 99.5%, their recognition is easily confused [2, 27] .
In this study, we cultured five isolates Aspergillus sp. (A1, A2, A3, A4, A5) that share similar phenotypes of A. oryzae and A. flavus for genomic DNA extraction. The extracted genomic DNA products were good in quality displaying sharp bands on the agarose gel (Fig. 4C) . With the utilization of singleplex PCR with the universal primer pair ITS1/ ITS4, we amplified successfully the ITS region of rDNA with the same size of 595 bp from the genomes of all five Aspergillus sp. isolates, as well as from the genomes of the standard strains A. oryzae RIB40 and A. flavus NRRL3357. For the specific amplifications of the ITS region from A. oryzae and A. flavus, the primer pair AO-ITS-uni-F/ITS4 was utilized. The primer AO-ITS-uni-F was designed to bind only to the ITS1 sequence of A. oryzae and A. flavus [19] . The PCR with this primer pair resulted in a DNA band of 486 bp for all tested strains that include the reference strains A. oryzae RIB40 and A. flavus NRRL3357. To discriminate between A. oryzae and A. flavus, the primer pair AFB-F/AFB-R that specifically binds to the aflatoxin biosynthesis gene cluster of A. flavus was utilized [19] . With this PCR, only a DNA band of 116 bp appeared for the A. flavus strains (Fig. 4D) . From the obtained results, we suggested that the strains A1, A2, A4, A5 belong to A. flavus and A3 is A. oryzae. Furthermore, these results were additionally confirmed through the performance of multiplex PCR in which all five primers (ITS1, AO-ITS-uni-F, ITS4, AFB-F, AFB-R) were combined in a single reaction. The multiplex PCR resulted in three bands (116 bp, 486 bp, 595 bp) for the A. flavus strains (NRRL3357, A1, A2, A4, A5) and only two bands (486 bp, 595 bp) for the A. oryzae strains (RIB40, A3) on an agarose gel (Fig. 4D) . In summary, the genomic DNA products obtained with our genomic DNA extraction method are completely suitable for PCR-based applications. The method described in this study is significantly uncomplicated in terms of execution and considerably more secure, since it does not employ toxic chemicals such as phenol and chloroform like other DNA extraction methods [17, [28] [29] [30] . Our method further provides higher DNA concentrations as compared to the simple method reported by Cenis (1992) [10] , and even the DNA concentrations are 10 times higher in comparison to genomic DNA concentrations obtained from the phenol-chloroform method employed by Umesha (2016) [30] .
Conclusion
The genomic DNA extraction method established in this study is universal, simple to handle, safe and cost-effective for the extraction of high-quality genomic DNA from various microbial cell types. The obtained genomic DNA products can be utilized for different research purposes, especially for PCRbased applications. 
